(19) 



J 



(12) 



(43) Date of publication: 

07.10.1998 Bulletin 1998/41 

(21) Application number: 98102695.8 

(22) Dated filing: 17.02.1998 



Europaisches Patentanm 
European Patent Office 

Office europ6en des brevets C 1 ) 

EUROPEAN PATENT APPLICATION 

(51) InlCI.^: C1 20 1/68 



EP 0 869 187 A2 



(84) Designated Contracting States: 

AT BE CH DE DK ES R FR GB GR IE IT LI LU MC 
NLPTSE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 24.02.1 997 US 8051 00 

(71) Applicant: 

Becton, Dickinson and Company 

Franklin Lakes, New Jersey 07417-1880 (US) 



(72) Inventor: Fralser, Melinda S. 

Durham, North Carolina 27704 (US) 

(74) Representative: 

Rambelli, Paolo et al 

C/O JACOBACCI & PERANI S.p.A. 

Corso Reglo Parco, 27 

10152 Torino (IT) 



(54) Replication of nucleic acids using single-strand DNA binding proteins 

(57) Single-strand DNA binding proteins have been 
found to increase the efficiency of strand-displacement 
replication of long targets, and when added to amplifica- 
tion reactions such as SDA. they significantly improve 
the amplification efficiency of targets which are other- 
wise too long to be efficiently amplified. The gp32 pro_ 
tein of T4 has been shown in SDA to produce about 1 0 
to 10^-fold amplification in 15-20 min. for targets about 
800-1 ,000 bp in length. In the absence of gp32 there is 
essentially no detectable amplHication for targets of this 
length. Targets about 400-500 bp in length are amplifia- 
ble about a billion-fold in the presence of gp32. repre- 
senting an amplification factor approximately equivalent 
to that observed for targets less than 100 bp in length in 
conventional SDA reactions in the absence of SSBs. 
Other single-strand DNA binding proteins have also 
been shown to improve replication and amplification 
efficiency for long targets. 
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FIELD OF THE INVENTION 

The .nvention relates to methods for amplrf ication of nucleic add target sequences, and in particular to the use ^n- 
gle-strand DNA binding proteins in nudeic acid amplification reactions. 

BACKGROUND OF THE INVENTION 

,n v.tro nucleic acid amplKication techniques are powerful tools for detection and analysis o^^^" ^ 
^ > VnH thP hiah decree of sensitivity of these methods has generated interest in developing them for diag- 

of genes for analyse and d^ection of sP-«-^^^^^^ 
forens^ medicine Nucleic acid amplification methods include, for example, the Polymerase Cham R^f '^n (PCR^ the 
U^sTcS^^^^^^^^ (LCR) SelTsustained Sequence Replication (3SR). Nucleic AcKi Sequence Based Amplrf .^^^ 
t on NASBrS^^^^ Mediated Re^ication (TMR) and Strand ^-P'^ce-entAmpHf. cation (SDA^^^ 
TJZel AiplHication'is an isothermal amplication reaction which is capaj^e ^ P^f ™^ ^^^^ 
amplification da target sequence in less than 30 min. at ^"f nt tenpera^^^^^ n fpater^ No 5^^^^^^^^^^ OS 
Acad So USA 89 392-396; G. T Walker, et al. 1 992. Nuc. Aads. Res. 20. 1 691 -1 696. U.S. Patent No. 5.45t). bb. u.^ 

SD^:ron':arbt^^^S^^ at a constant tenperature between about 35«C .^^^ -;3-/-' 
higher temperatures to improve amplification efficiency and spedficity (referred to as thermophiLc SDA or SDA and 
Hp Jr bSTnTuWirhed Euopean Patent Appllcati«i No. 0 684 315). In either format, SDA employs 1) a restr.cton 
enS^uSL w ich nicks endonuclease recognitionydeavage site arj 2) a pdymerase 

SeSromthenicKanddisplacesacopyo^ 

aet seauence as a tenplate. Repeated cycles of nicking and displaang produce addrtional c°P'es of the target 
sl^^ce SDaTs unk,uTamong nuclec acid amplification methods in its use of the strand disptec.ng ability d^e DNA 
pSmerase to sJ^Se complementary strands for subsequent cycles of target repllcaton. Th,s process ,s referred to 

Te'sre^r i^SSd in U.S. Patent No. 5,455.166, U.S. Patent No. S,270 134 a^ EP 0 e«4 .S^The 
.^teos of the SDA reaction are the same regardless of the temperature and enzymes employed, and 't equires several 
p^^f^ nzyr^i TSes n order to amplify a target sequence. The SDA polymerase m^t 1)Ja* 5'-3^exonu^^^^ 
Sv ereT^Lrally or by inactivation, 2) incorporate the derivatized deoxynudeosKfe triphosphates (dNTPs) 
SuTed "^^^^^^^ ithioK^NTPs), and 3) disp^ce a downsteam single strand from a do^e 

sSS r^lecule starting at a single stranded nick. The SDA restriction endonudease must 1 ) nK* as,n- 
de ?rSdTf^t dcible stranded rLognrtion/cleavage srte when the recognition/deavage site ,s ^en^'^^^f^' ^"i^) 
d sSe ?rom its7ec<^nition/deavage site to allow the pdymerase to bind and amplify the target. Incorporaton of the 
d^P aTabgTrio he^estriction end'onuclease recognition site induces nicWng by the ^fjf ?" ^^^^^^^^^ 
0^ ed dNTPs are the most commonly used nucleotWe analog in SDA, however, incorporation °! -"et^V^"* ^"^^ 
s tSifdNTPs L induces nicking. Examples of polymerases and restriction f °""<=J;^^,^;"3 .^^^^^^ 
bioTogical activrties for SDA are described in the patent publications cited above. Terms relating to amplrf.cat.on by SDA 

'sDA^ rta's" an?Jighly effident ampltfication process, but suffers from limtettons in the length of the target which 
can L^fcieS aCSed'Tha. is, it has been observe, that SDA is most eff.ier. whe. amjjfy'r^ J°^t.ge^^^ 
Liiv about 100 bo or less) and that amplification fadors decrease between 5- and 100- fold for each 50 bp increase 
SgX r otr Sin amplificaZ factors from 4.5 X 1 0^ (52 bp target) to 3.0 X 10^ (198 bp taj^et ^^^^^^ 
Simed ™s is unlikely to be due to reduced efficiency of ni*ing by the restriction endonudease (which wouW be 

!^!^;n h! Lpo^ndent of taraet length) but may be the result of the DNA polymerase terminating amplification 
SiSement are'com^ete. Premature termination of replication woukl result in an 
^?rSr S^^al SpT^n which cannot be further amplified, and the potential for such P'^'^^'^'^'^^ZTJIZI 

,mplWionp.odoclp.«Juc«l.bollMyd«no,incr«.s.»ten3«ol.tett-9«»n.» 
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^- r.n tho onrinrmance of the DNA polymerase, but would be expected to affect many 
lona tarqets particularly targets greater than about 100 bp in length. . , . rma 

identified and characterized in many species (J. W. Chase and K. R. Wiinams^ lytJt?- ^nn. ^ ^ p q- 

""s^'toVS^ used /» «» 10 eohanee h,»«iz,lion of p™6es lo . ™a.ic a.g« (U.S. P.l« 
5 53! W sS^sSra-Hl » occ-o>, St.* align™, o, adlac*. I«*«sh^«« » » ^'^J^'^.S^T 

S5-XlXs»S.-,an,,ep.Lon,„v«o,an,-«ledln^ 
Strand displacement replication is increased in the presence of SSBs. 

SUMMARY OF THE INVENTION 

It has now been found that single-strand DNA binding proteins (SSBs), when added to ^.-^'^f «°";^^2r.^li 

'°"i;r27„:^2SS^T;S SSBs .u„c*o„ » l.»«». s.and d«..ceo,en„sp.lca.», in 

=£«a-."^ri;srr:i^^^^^^^^ 

the amplifiatile target length. 
DESCRIPTION OF THE DRAWINGS 

Fig 1 illustrates the effect of SSBs on amplification efficiency in linear SDA screening assays at 40»C and 50»C. 
Fig^ 2 illustrates the effect of gp32 on amplification efficiency of targets of increasing length. 
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.as hypot.es.ed tha. the enzyme nx>st ,.e,y to be "e^^^^^l^^^^^^^ STe '^^eire 

requiring strand dis^acement replication was the P^'^^^f;. ^ ,s aSected 

were therefore explored in an effort to facilitate anp rtica .on o long "J^g^gefe- are defined as oli- 

oligonucleotKie to be replicated or ^"P'f ^d f jptjona^^^^^^^^^ ^^^^^n.^ ^^^,,,3 

gonucleotide sequences which are too long to ^jj'"^* 1^''^^^^^ ^^^e in length. For exanple. a long target 
strand displacement replication. Long targets are typicaj^y 100 nud^ ^ 

SDA and other reactions comprising strand displacement ^efJcaAion stjps^ ^^^^^ 

TO set ^ the linear SDA screening system a pUC pJs^^^^^^^ 
side Of the multiple cloning site. Then, var^us '«"9ths of lamina DMA we^ 3. „ 

The resulting "SDA target plasmki" provKled a range of insert "53,61) and have a defined 

amplification primers. For SDA, a target must PGR ampl«ied for 30 cycles. The 

3' end. To provide such targets, the SDA vectors «'th the various lambda 7Jja^^^;.^^^.rGCATGTCTCGGGTAAG- 
primers used for the PGR were an SDA amplrfication (S) pnn^er (ACCG^^^ 
GGGTACTGGAGG, SEQ ID N0:1 ) and an SDA bumper pnrrer(TOCT^^ 

substituted for dGTP In the reaction to create the hemi-modrf.ed BsoBI ^ 1 1^^^^";^;^^,*^;"^^^^ 3.9 ^ MgGI, 
thermo DNA polymerase buffer (50 mM f^^^ -JLJ-^J'^P^"^^^^^^ dGTP d^TP a^l nP. 1 ng S^Apiasmid, 5 ,L 
(1 mM free MgCl,) , 0. 1 m M each pnr^er, 1 .4 "^^i^^^^"^' °f J^^f ^^^^ ^ix was overlak) with mineral oil and 
Sequencing grade Taq polymerase (Promega). To amphiy the v^or the '^^^^ "^ ^.^^^^ temperatures 

heated to 95»C for 5 mlnutes^The polymerase .^s a*ed atj C for a ho^ stert ^ th ty^ ^ 

ronitoi;Si.r^^^^^^^ 

.olom wracled. ethanol p.9ce«al.d and <wa"»»wl b, W^""" W „„,™ j„ |„a„iopBaae lo eukaryotes, 

d«», and a Sl9n««n, (n ths m. Wrad W ■J^"'^ ""J^XStleraW-s c»tima lo, ^ 

bewean about '™..™7'|b« i, wouM ba ^Mnlageous B i,» tha SSBa at .SDA lanparaluraa 10 lur- 

r r„Sr r arii a^S^»n ?bt-l» n,aao,*.« SSBS .a,a no, expacad » b. ^ a. ,anv«.- 
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tures of tSDA. „■ *h« qqrc at hnth 40°C and SCC. Varying amounts of 

amounts of the SSB. The reactions were incubated at 40 C for 30 minutes or ou ^ lu 
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measure the a^unt of a^llt^fon prcxluct generated during a single '^^ ^^^^^^^ 

mmmmmm, 

'iL^'^e was anS on "e ?h^hor mager (Solecular Dynamics) to obtain pxel values indicating the amcxjm of 
1 mt dS.lacJd^ea SDA^Xt generated. The Phosphorlmager provides quantitation by attr.but,ng a r^at:ve 

mmmmmmm^ 

Ho^min and rim-l 0 1 5 cvcles/min ) produced at least a 3 fold improvement over the amount of product generated 
.hlc?d SSB Sd 05 cySl. ) unexpectedly, at 50«C there was also a signif teant Improvement .n amplrfica- 

thr:Sc of^ii^^^^^^^ 

Of lor^gS a^ one w^^^^^ effective. Therefore, using the screening methods disclosed here-n, the pract- 

ampllfiration products of SDA is the signal primer system described in U.S^Patent No. 5,547,861 and U.S. 
5.550,025. and these methods are also useful in SDA in the presence of SSBs. 

EXAMPLE 1 

GD32 was selected for further study in exponential tSDA amplffication systems. In afirst experimenUOS-fold ampli^ 
ficatiS^f ^500 bp Sg^ was demonstratedTwith addition of 10 ,g of gp32. In a second ^.penment to ass^s the 
So^senS^ftSe amplication reaction, v.^^^^^ 

rres="S)Onghum^^^^^ 

SJng wateVbath, transferred to 52«C and equilibrated for 4 minutes. The enzymes (30 unrts Aval, 36 units exo Bst) 
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.nH s<^B no uQ 0032) were added to each sample in a voliime of 5 nL. mixed and placed at 52»C for 30 minutes. The 
e^c^ons lelX t" by^^^^^^^^^ ^OO'oZ 5 m,nutes. AmplK,cat,on products were detected ^t,rd.zaton ar,^ 

the SDA reaction. '^^^'^^^^^^ ^ , . added and the extension reaction was incubated at 

l7»C Sms lute^ ^e reaTn ^^s ttl^i'b "dSilon of 13 .L of formam^e st^ solution (90% famamide^ 
n nSf BPB 7x Ha of each sample (13 ^L) was loaded on an 8% sequencing gel and electrophoresed at 57 
wSorabo^lhoirTP^^^^^^^^ 

nP ma subsm^^^^ in which case rt is advantageous to increase the phosphate boffer to 30 mM and 

include TTP ,n the same amount as the other dNTPs (typically about 0.2 mM). 

Reoardless of its initial concentration, no detectable amplification of the 500 bp target was seen ,n the absence of 
SSB^^S Uet anplification was readily detectable when gp32 was ^^-^'^^^^^^^SZ^^^^ 
ment in amplication efficiency due to the SSB. The amplif k;at.on factors in the presence of gp32 and dUTP are shown 

in the following Table: 
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# INITIAL TARGETS 


APPROXIMATE AMPLI- 


FICATION FACTOR 




5.6 X 10^ 




1.5X10^ 


10 


5X10^ 



in the oresence of TTP instead of dUTP, ahplrfication factors increased about 2-fold. As few as 1 0 molecules of the 500 
iTe reaJly detectawe in these experiments, demonstrating a very sensitive assay for a 'onajargf JTi« 
SpSnTwe e reputed in a similar protocol, with similar results, using BsoBI and P^'^'l^^^^^^^^^^ 
tTons aSed ampScation factors of about 1 0^ to 1 0« for the 500 bp target ir, both the J^^^^^^ 
amplification factors are only slightly less than the amplification factors typical of conventional SDA of targets less than 
100 bp in length (i.e., short targets with no added SSB). 

EXAMPLE 2 

To exDiore the effect of varying target length on amplrfication in the presence of SSBs, targets of varying lengths 
were jSSi frS^ hetlia SDA terSplates and tested for am^ 

Tn thetSnle o7gp32 arrplHication factors drop precipitously as target length increases from about 10 ^ the 100 
^ ™ to about 10" for the 200 bp target. AmplHication is essentially undetectable as the target length approaches 

jSo bpt^on^^^^^^ ^-ents any reduction in amplHication effici«.cy between 100 20 

SalSrgets about SoO bp in length to be amplrfied about 1 0^-fold. In practice, addition of SSB to the amplrf ica- 
«^ rS^rt produces about 10«-fold anplification with 10-100 molecule detection sensrtivity to a 500 bp tar^ 
°e :SX^Z^^^o. with 10-1 00 molecule detection sensiti^ty - SOO^^/-^^ "^^^^ ^ 
106-fold amplification with 100-1000 molecule detection sensitivity for a 1,000 bp target (using TTP). Basedon these 
result SsTS produce improvements in amf^Sication and strand displacement replication e«'ciency fo targete 
a e i abou foo nudeotides long, e.g., between about 100 and about5^00 "-'^f^J 

L^inae^^ng target length may necessitate increasing reactions times in order to detect the reaction produ^. 
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strand displacement replication. 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: BECTON, DICKINSON AND COMPANY 

( A) NA^ BECTON, DICKINSON AND COMPANY 

(B) STREET: 1 Bectoix Drive 

(C) CITY: Franklin Lakes 

(D) STATE: NJ 

(E) COUNTRY: US 

(F) ZIP: 07417 

(ii) TITLE OF INVENTION: Replication of Nucleic Acids Using 
Single-Strand DNA Binding Proteins 

(iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

C OPERATING SYSTEM: PC-DOS/MS-DOS 
(D) SOFTWARE: PatentIn Release #1.0, Version ffi.^u 

(v) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
ACCGCATCGA ATGCATGTCT CGGGTAAGGC GTACTCGACC 
(2) INFORMATION FOR SEQ ID NO: 2: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
CGCTGAACCG GAT 
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Claims 



absence of the single-strand DNA binding protein. 

2. The method of Claim 1 wherein the strand displacement replication reaction occurs in a nucleic acki ampl«ication 

10 reaction. 

3. The method of Claim 2 wherein the nucleic acki amp^Hication reaction is Strand Displacement Amplif cation (SDA). 
The method of Claim 1 wherein the single-strand DNA binding protan is selected from the group consisting of 

gp32, rpa-1 . rim-1 . gp2.5 and p5. 

™. n»thod 0. Olain, 1 wt,,,* Ihe long ta,o« « l»t»«n about 100 and abou, 5.000 In lerglh 

The method of Claim 5 wherein the amplifteation reaction is Strand Displacement Amplrfication. 
8. The method of Claim 5 wherein the single-strand DNA binding protein is selected from the group consisting of 
gp32. rpa-1 . rim-1 , gp2.5 and p5. 
30 9. The method of Claim 6 wherein the long target is between about 100 and about 5.000 nucleotides in length. 
10. The method of Claim 9 wherein the long target is between about 150 and about 2.000 nucleotides in length. 
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(54) Method for reverse transcription 

(57) A method for preparing a cDNA from a mRNA 
using a reverse transcriptase wherein reverse transcrip- 
tion is perlormed at a temperature at which the mRNA 
does not take a secondary structure, for example, at a 
temperature of 45°C or more. The method is performed, 
for example, using a heat-labile reverse transcriptase in 
the presence of a substance exhibiting chaperone func- 
tion having chaperone function such as saccharides. 
The method is performed, for example, in the presence 
of metal ions necessary for activation of the reverse 
transcriptase and a chelating agent for the metal ions 
such as a deoxynucleotide triphosphate. The method is 
capable of reverse transcription over the full length of 
mRNA template even if the mRNA is a long chain 
mRNA and, as a result, producing a full length cDNA. 
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